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nirr^aLS HYDROPHTLrC s^ fack cqatikgs 

Background of the Invention 
Several methods are available to improve the 

3 wettability of polymers, many of which are hydrophobic. 
These methods include corona discharge, gas plasma 
exposure, flame treatment, and acid etching. All of 
these result in some level of surface oxidation. 
However, the wettability introduced by these processes 

.0 degenerates after treatment, particularly when exposed to 
aqueous washing, elevated temperatures, or even simply 
storage in air. 

summary of the In vention 
This invention relates to a hydrophilic article 

15 for use in aqueous environments. The article includes a 
substrate, an ionic polymeric layer on the substrate, and 
a disordered polyelectrolyte coating which is ionically 
bonded to^.the ionic polymeric layer. The article, for 
example a' contact lens, has a durable hydrophilic 

2C coating. Examples of aqueous environments are animal or 
plant fluids, water-based inks, treated or untreated 
water, and the media used in cell cultures and 

bioreactors . 

The substrate may be selected from a range of 

•25 geometries and materials. The substrate may have any 
texture, such as porous, nonporous, smooth, rough, even 
or uneven. The substrate supports an, ionic polymeric 
layer. 

The ionic polymeric layer on the substrate has 
5C ionic or ionizable groups on a polymer surface. These 
groups may or may nbt be in the bulk of the polymeric ^ 
layer. Examples of ionic or ionizable groups are -COO , 
sulfate, and primary, secondary, or tertiary amines. The 
polymeric layer is a polymer or copolymer of thermoset, 
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„,..-^- i^odecradabU, and/or hycr=phili-= 

polymers. -n -he t,ydrophobi=. 
polymeric ,.y.r «y -^f-J^ " „ i„„ic.lly bonded -.o a 

The ionic polymeric iayer * ^:^wor- 

^ • TH*>re are nei wher 

i.,oi*:.r->-olVte coating. Tnere cit^e 
. disordered, P°^Ve e=--lV ^^^^,^„, 

linkages -ror^ed °^ ooatin, and the 

linkages between the polyelect. y ^^^^^ 

lavpr Of course, Van ae- 

ionic polygene layer. „„^ont 

:::^r::;rL:;ri= ^r .re 

ivelec-olytes, which are generally high molecular 

-^w miiitiDle ionic or lonizaoxe 
.ei.ht.poIy..ers ^ ^Z^;^^^ .olyelectroly.e .n .ne 

functional groups. A. leas 
polvelec-.rolyre coating has a charge PP 

,1 charae o' the ionic polymeric layer. Tne 
,5 overall charge • ^^^^ ^^ntain other elertents, 
iw6»ieC-olvte coating may aiso 

polyelec — oiv hioactive molecules. 

neut-ally charged or bioacwive m 
such as neut-a--7 ^ „<,,,i--ral comolex, 

-..;r>« forms a non-neutrai (-umyj. 
P.eferahly the coa n ^^^^^^^ ^^^^^^^^^^^ 

since tne biocompatible, presence of 

:o of the 'article are related, m par-, .0 

charged groups. ,,,^ec-olyte coating refers to (i) 

A disordered polyelec-oiy ^-^^^ yp.ere 

nnwelec-olvtes that are intermixe-, 
cwo or aore polyelec„o . different 
-.e polvelectrolytes may be of the same or 
Lie' 'ii) one or more polyelectrolytes that mf-l 
25 charge, ^11^"" least one 

r,«iv^eT--c layer where (a) at xeas- 
the ionic polyir.e.-c i.»y ^n^rae sion as the ionic 

fhe same charge sxy'* '^'^ 
polyelectrolyte s o the s ^^^^^^ ^^^^^ ^ 

,,oupsassoc.atd -h^ chain entanglement; <iii) a 
•"here is some aegree — '-oivte 

~ • -=v-mWed with a non-polyelecw.o.yw 

,0 polyelectrclyte ^^^^ ...n as heparin; 

additive, such - ^^'^^^^ ,„,i,.l„g 

and (ivi combinations of the ao ^ 

combinations- '--^ -f/^rorfrerlird or that do not 
.polyelectrolytes that are provided that the 

3S infiltrate the ionic polymeric layer, P 
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coating includes an least one infiltrating or intermixed 
pclyelectrclyte . 

Without intending to be bound, a polymer with 
short hydrophilic functional groups niay seek a 
5 thermodynamic equilibrium, through the free rotation of 
the polymer backbone. Hydrophilic groups create a high- 
energy state and thus are gradually buried into the bulk 
of the material by rotational or diffusional migration. 
It is believed that multiple ionic anchors immobilize the 

10 polyelecrrolyte backbone, which hinders molecular 

rotation and the subsequent loss of hydrophilicity . This 
phenomenon is a chain entanglement between the 
polyelectrolyte and the ionic polymeric layer. The 
disordered polyelectrolyate coating is ionically 

15 anchored, rather than physically adsorbed, onto the ionic 
polymeric layer, which may make the coating less 
susceptible to mechanical abrasion or hydrolytic 

decomposition. 

One aspect of the present invention includes 
20 durable* hydrophilic articles having a porous substrate. 
An example of such an article is the porous retaining 
matrix used in the immunoassay of an HCG pregnancy test 
kit. Other examples include a pH test strip, a 
bioreactor microcarrier , an implantable drug release 

25 device, and a filter. The polymeric layer is preferably 
polystyrene, polyester, polyethylene, polypropylene, 
polymethylmethacrylate, polyglycolic acid or polylactic 
acid, and the polyelectrolyte coating is preferably 
polyethy leneimine . 
.30 A drop of water placed on the disordered 

polyelectrolyte coating of a porous article is rapidly 
absorbed in less than' 1 second after the article is 
exoosed for 3 months to dry storage at 25 «C or aqueous 
storage at 50«C. Comparable stability is observed after 

35 6 months or longer. In addition, a drop of water placed 
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- lor-rolv-ce coating of a porous 
ji-^^T-He^ed DOiveiecrroiyte 
on a disorae.ec u seconds, and 

article .s absorbed .n xess ^^^^^^^^ ,,..rasonic wash 

preferably r^^-;^, ^,^.,ns high after 60 and 90 

cvcles. Hydrophil-c--y a. 

ultrasonic ^^^^^^ ' ^^.ention includes durable 

another -P^;;^ ^..^trate is 

hydrcphilic articles articles include powders, 

particulate. ^--^^Z^;;/^,,,,, . polymeric layer is 

beads, inicroca..-er „,^^-ter polyethylene, 

, preferably P-^X::;,^^^^^^^^^^^^^ 

polypropylene, pdyelectrolyte coating .s 

cr polylactic acid, and tn p ^^^^^ate may or :nay 

p.eferably P^^^-^^^^";;;::: J'a disordered 
not be porous. A P-^^r ^^^^J^^ a drop of water 

s polyelectrolyte ,,,, ^e absorbed, 

added to an amount of sucn 

.ather .^^^ ^ tr',', invention includes 

A third aspect .^^^3, .^here the initial 

biomedical or -^-7-^^;;^,^; ^ ^i-^-red 
advancing water contac. a g ^^^^ ^^^^ ^^^^^^^^ 

■ oolyelectrclyte coating .s ^^^^^ ophthalmic, 

are intraocular lenses 
ushc articles articles or devices, 

nrosthetic, or implantable ^ include 

polyethylene, P°^Vpropy po 

polyl.«i= acia, P=;v«"J' : ^^.JTer of POlV^- 
sUicone, .nd ^. ^° ^^'JJ^ J , copolymer ot a 
nydroxyethvlmetnacrylate. ^ ^,,^yi.„ethaorylate. 

3Uic=ne polymer ana po^ ^ V ^^^^^^^^ 



silicone poiyiue- is preferably 

The polyelectrolyte coating xs p 

polyethylen.eimine. advancing water contact 

in general, the , coating is 

angle of the ^^^-^-^^ ^^^-Z^c. angle of .he 
smaller than the -^-"^^;j;;trap,iied. The reduction 
substrate before the coating 
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is at Least 20=, and nay be greater than or equal to 30«, 
50«, cr even 70'. Thus, after the coating has been 
applied, the initial advancing water contact angle is, 
fcr example, less than 56= or less than 43» or. 35=. 
5 Before the coating is applied, a biomedical 

substrate preferably has an advancing water contact 
angle, for example, greater than 95 = , 100", or 110». 
such high water contact angles represent relatively low 
hvdrophilicity or high hydrophobicity . After five and 
10 even fifteen ultrasonic washes, the disordered 

oolyelectrolyte coating of the dried biomedical article 
has an advancing water contact angle less than 70', and 
may be less than 50« or less than 45». Even after 
exDOSure at 121-i25»C for 15 or 30 minutes in an 
^5 autoclave and cooling to -room temperature, the advancing 
water contact angle of the coating is less than 60". The 
coating is also resistant to extraction with organic 
solvents or detergents, as represented by an advancing 
water contact angle of less than 60- after extraction 
-= w^th methanol- for 2 hours or even 13 hours. Other 
methods to measure hydrophilicity may be used to show 
>-osistance to environmental conditions cr normal use. 

The hydrophilicity or wettability of articles of 
the invention is resistant to one or more of the 
25 following: changes in pH, elevated temperatures, 

exoosure to detergents or organic solvents, mechanical 
■ stress, abrasion, and repeated ultrasonic washings. 

rxamoles of articles of the invention which are suitable 
for "long-term or multiple use applications include: hard 
3C and soft contact lenses, printing components, electrodes, 
bone replacement components, and in vitro retaining 
matrices for diagnostic test kits. 

Other features and advantages of the present 
invention will be apparent fron the following description 
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. „ and also :r=« the appending 
.he preferred e.h6dl.en«, 

claims. ^6fi_£rsM£XS4-S'*^*^'°^ 
aeS£XiEii20-2l_M T^TTl^ having a 

,r,is invention " ,„„ically bonded <:o an 

. ^..ordered P=iVeie=.r=iy« = ^;^^^^ .^^,p„,^^^ 
' ionic poiy»eri= layer on a = or on 

Uver can b« - °1 , ooiy»eri= layer =»n oe 

.e'ieced areas. "^f; ,.,Uer radius .han the 

a) a circular area having parallel 

Uular su.s.ra« - -/^^ ^ L su.s.ra«, or Cii ) 
polymeric s«lPS "„ial on a sut>scra«. For 

pattern of poly-enc mate" that the 

:I/»hodi.ents, ho-ever i ^^^^ .he 

„„l^eri= layer is on -ost - 

•5 substrate. • areas tne p i 

ronic groups can be on a^^ ^^^^^^^^ .^^.^ ^,,,^3 

,aver. or on -^-^^^^^r^en^ric increasing or 

be (i) forced .n a con ^ ^.^^^^^ ^^^3,,, ' , w 

decreasing gradient of sur.a ^^^^^ ^ generally 

.ivne-ic layer area. „,_>,al^ ti^e area 

.0 circular poly::»e--^ „«;^v across one-nai- 

20 c-t- ^Harae dens.-k.y — eurface 

• ^ ci-'-f ace cnarge « different suti.* 

unifo^^ su^i-a /iii) have arti- 

u ^r^ivmeric layer, or (-i^' „ithin a 

of the polyme-- polvaeric layec 

•vioc between tne v • outer 
^•narae densities oeu laver on tne 

;r or Channel and the ^^-^^^ ^^^^...s . it is 
Surface of the article. In ost 
preferable for the f / disordered 

The polymeric layer. ,„icaUy bonded to all 

::,;e..ectrolyte "^'^f "^.'t^er , or to selected areas, 
.reas of the ionic ^"^^^^^J^,,^^ polyelectrolyte 
" -^rtrr-- bonded to .ost or all areas 

rionic P=--:r invention is ^^^^ 
one aspecw 01- arid, such as a f 

. ^Hat is a frarae or gn » polymeric 
a substrate that ^^^^^ ^rea. A P 

with an empty 
25 or metal ring, wit 
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ner:\brane layer srranches across the hole and concaccs the 
substrata along the perimeter or circumference of the 
ring substrate. The poi/meric layer has two faces, one ■ 
on each side of the ring. One or both, faces of the 
5 polymeric membrane may have ionic groups. A disordered 
pclyelectrolyte coating is ionically bonded to at least 
one face of the ionic polymeric membrane, forming at 
least one hydrophilic surface. Thus, this article may 
have a polyelectrolyyre coating on one or both sides of 

ic the ionic polymeric layer. 

An article may have more than one such frame or 
grid. For example, an article may be a cube, wherein the 
twelve edges of the cube are the substrate. The six 
square sides of the cube are the ionic polymeric layer, 

15 wherein each of the six, square ionic polymeric membranes 
has an inner face and an outer face. The disordered 
poiyelectro-lyte coating can be ionically bound (i) to 
the outer {or inner) faces of six sides, (ii) to the 
outer faces of five sides and to the inner face of the 

20 sixth side, or (iii) in any manner to direct the passage 
or diffusion cf an aqueous solution through the cube. 

Another article of the invention has an ionic 
polymeric hydrogei layer ionicallly bonded to a 
disordered pclyelectrolyte coating containing only one 

25 pclyelectrolyte, such as polyethyleneimine - A hydrogei 
polymer may be a copolymer of silicone polymers and poly- 
2-hydroxyethylmeth-acrylate. An example of such an 
article is an oxygen-permeable contact lens with a high 
D/K value. Another article of the invention has an ionic 

30 polymeric layer ionically bonded to a disordered 

pclyelectrolyte coating containing two polyelectrolytes 
of opposite charges. 

A substrate may be made of any material, provided 
that a polymeric surface may be bonded to at least some 

35 area of the substrate. The substrate may be made of 
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^ T^r^Trrme^. which may, 
,«al, ceramic. ,1.= - ""f polymeric layer 
,e ^-he sa^e or ^-^^'^^^ ^ ,e porous. An 

discussed below, ^^•'^/^^^ . . • ^ s^^scrate and a 
example of an article wh.ch nas ^ ^^^^^^ ^^^^ 

, .olyneric layer of .he sa.e .aCe. 

polypropylene. ^ ^^^^.^e wit:h one or 

A P°-°-= : an average diameter between 

.ore pores, for example, ^^^^^^ undulating, 

0.01 microns and 1 < non-woven, compressed, 

,0 nonflat surface, such as ^...^ , co,.bination of 

perforated, or etched "^^^^^ ' ,,„3,derably larger 

^in A core may also ce «„^face of the 

(i) and (11) • ^ - penetrate from one surface 

..an I Kcn, and need not pen ^^^^ ^ 

substrate ""P^^f ^^^^^^vention having a substrate 
, nydrophilic microns or larger, 

with pores of a diameter ^^^^ ^^^^ 

such as 200 to 500 ,ui completely wet 

measurable water contact angl,^^^ ^^^^^ ^^p,,,, 
cut ("cwo") When one or mor ^^^^^ ^^^^^^^^ ^^^^^ ,,,^3 
..he coating surface. ^^^^ .^^e hydrophilic 

are rapidly absorbed or wic-d ^^^^^ ^^^^^^^^^ 

surface material. ^ ^,,,,.es, porous 
nonwoven and woven fabrics^ 

membranes, 3^--' can be retaining matrices or 

porous --^^^^ ^^^^ sample 

chromatographic -^^^,'1^% i:„mobilization, and 

p.eparation/fil^rat.on, reage ^^^^.^.^^ ,,,,ix used 

'eagent delivery. An — ^^^^^^^ ...^in solids or 
in sample preparation ^ ,3 cell extracts to 

cells, while ^^^^^'^IZ \ retaining matrix may retain 
■ pass through. ^^^^J^,;;,: an antibody. Such an 

an immobilized reagent su ^ ^^.^^ ^ 

article is' suitable for ^y^""'" contacts and is 

. in a liquid test sample con Meanwhile, 
component m a liq immobilized reagent. 

3. selectively bound to the 
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the liquid sar.ple as a whole concinues to niove through 
the retaining matrix. This can be considered a form of 
chromatography since the target component is. separated 
from the test sample. In a third example, the retaining 

5 matrix contains a dry reagent, such as an indicator or 
enzyme. As a sample such as blood or urine wets and 
spreads throughout the porous retaining matrix, the 
retained reagent is dissolved and released into the 
liquid sample, A retaining matrix need not be porous. 

,0 Porous matrices are suitable for reagent 

immobilization for several reasoris, including -(i) large 
surface area to volume ratio, (ii) greater reagent (e.g., 
protein) binding capacity, and (iii) superior continuous 
passage of a liquid either laterally or in a direction 

.£ perpendicular to the plane of a membrane or other matrix, 

* 

Retaining matrices are used for diagnostic and research 
Durooses. Examoles include the matrices in pH test 
strips, ELISA assays, glucose test strips, and HCG 

pregnancy dip sticks. 

A particulate substrata refers to particles having 
a largest average dimension between 1 micron and 3 cm. 
Particulates may be porous or non-porous, and may be 
spherical, oblong, cylindrical, granular, or of other 
shapes, irregular,, or regular. Examples of particulate 
IS substrates include powders, disks, rods, tablets, and 
beads. Hydrophilic articles having particulate 
substrates include retaining 'matrices (see above for 
aeneral discusion) , controlled drug release particles, 
wettable powders, and bioreactor microcarriers. 
30 A biomedical substrate refers, in part, to the 

fields of medicine, and the study of living cells and 
svstems. These fields include diagnostic, therapeutic, 
and exoerimental human medicine, veterinary medicine,, and 
agriculture. Examples of medical fields include 
35 ophthalmology, orthopedics and prosthetics, immunology, 
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examples of researc. ..bionedical" also 

-elates --0 chemicals anfi ^^^^^^e a biological 

.e.a..less ^V-^^^^;"/;; ^t.e in an in vi..o assay o. 
response .in vx.o. ( i> pharmacological 

o'-ser »odel, e-g-.. » , ^^^j or organism, 

assay, or < ^i^' f /uc re^«s -o Che separation 

.„e term -^7^;;:^;",;„i.,„, processes of 
sciences, such as those 

chromatography, osmosis, ,„ieles include research 

samples of ""\.„,ichs. Biomedical 

and consumer appj.*^<=* 
cools, indusrrral, and ^^,^3, implantable 

articles include -P^^^^^" f;^^^. oohthal»ic articles 
5 articles, and ophthalmic ^^^^^^ 3/ ^^^aocular lenses, 
....ude set and ^^^^^^^^ .ools that 

and forceps, .^ssue. A preferred 

contact the eye or su. ^^^^^^^^^ ^^^^ ^ 

wionedicai article ^ " ,^et is highly 

:c silicoh-containing J.^.^cles include 

permeable to oxygen^ S -^^^^ ^^^^^^^ ^^^,,,„es, and 
.Liters, osmosis and ^^.^urfaces such as 

dialysis membranes, as implantable 
,,.,,i.ial s.ins ^;^Z^.^s Of artificial 
articles include ^^^^^^^ ' „ay be in more 

bone, joints, or cartilage ^^.^ficial skin is a 

.nan one category, for exan^ple, 

porous, biomedical ^^^^^^'J, articles are glass 

Examples of -U ^ul- ^^^^^ ^^^^^^^^^^ 

3c beakers, plastic petri d she ^ ^^^,,,,3 



35 



.eakers, pias.i^ culture processes. A F 

in tissue culture or cel. ^ ^ioreactor 

, a ceU culture article j. ^ ;„ . 

example of ^. ^y^er matrix used m 

:r,icrocarrier, a / ^^^^e the geometry. 

^Hiiized cell bioreactors. nicrocarrier na 

immobilizea ^he oarticulate micros. 

«=i+-v and density of tne p 
porosity, 
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be controlled ^o opciriize performance. Ideally, the 
microcarrier is resistant to chemical or biological 
degradation, to high impact stress/ to mechanical stress 
(stirring) , and to repeated steam or chemical 
sterilization. In addition to silicone polymers, other 
materials may also be suitable. 

This invention may also be applied in the food 
industry, the paper printing industry, hospital supplies, 
diaoers and other liners, and other areas where 
hydrophilic, wettable, or wicking articles are desired. 

An article of the invention has an . ionic polymeric 
layer on the substrate. The polymeric layer nay be a 
honoDolvroer or cooolymer of theraioset, thermoplastic, 
ionizable, and hydrophilic polymers. Examples include 
IS (A) polyethylene, polypropylene, polystyrene, polyester, 
Dolvcarbonates, silicone ' polymers , polyurethane, 
poiyamides, polyinides, polyalkylacrylates , 
polyalkylmethacrylates, and fluorocarbon polymers; • (3) 
poly-2-hydroxylethyiinetha-crylates, pclyhydroxylalkyl 
20 nethacrylatss, polyhydroxylalkyl acrylates, polyacrylic 
amides, polyrr.ethacrylic amides, polyvinyl alcohols, 
polyethylene oxide, and polyvinyl pyrrolidone; (C) 
polylactic acid, polyglycolic acid, polyglycoiide-co- 
iactides, polydioxanones, poly (glycolide-co-trimethylene 
2S carbonates) , polyethylene carbonates, 

polyiminocarbonates, poly-/3-hydroxybutyrates, polyester- 
amides, polyorthoesters, polyanhydrides , and 
cyanoacrylates; and (D) copolymers of members of (A), (B) 
and (C). The polymers of group (D) include copolymer- 
20 combinations of members from groups such as (A) and (B) ; 
(B) and (C); (A) and (C) ; (A) and (A); and (A) and (B) 
and (C) . The polymeric layer is preferably selected from 
polyester, polypropylene, polystyrene, 

Dolymethylmethacrylate, polyethylene, polyglycolic acid, 
■5 and polylactic acid. A polymeric layer can be made of 
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• « <=o.-ablv the polymeric layer • • 

ir^^i vrme'-s . preferaDi/, f ' 

cne c. 30-- fc- - „^4aiiv o'" one or more 

r.y <-a-isists essential!/ o> 
comprises or consis to 10% by weight 

. =r-<. -ne balance consisting 01 up 
pormers, -he d. _ ^^^.e 

of additives Known m the ar - 

ink^na agents, ^'"r 
polymer. ^ ^^y^r can be obtained by 

.n lonxc P°^-^-'= 7^^^, ,,,,, groups may 
several methods )cnown in^he ^^^^^^ ,3 

.esult from a treatment of ^ „.odif ication. or 

« ac^d/base chemical tau^j- 
plasma discharge or ac.d/ incorporated into 

ionic or icnizable groups may have 

.ne bulK material of the P^^J^-^;//^^ ..^rall 

sign of the 1"^^^^^^-^ ^^^^^/fave, may each be positive 
Charge of the ionic P^^^"-;;;^:, ,3 polyethylene 

- "^^^r% ;;:irr=^^^^^^^ P-s«^. e-ctron beam 
, :.ay oxidized by ^ ^..^y treatment, to 

..eatment. .-rona d - - g ^^^^^^^^ 

create an ionic surfac ^^^^ 4,919,659. One 

e.g., Horbett et al. , • production of more 

^ia«-na treatments is tne v 
advantage of plasma tre polymeric surface. 

:c than one Kind of '^^^ ^^^1^^^ 

,3 an example, an an-n P ^^^^^^ ^^^^^ ,,,, ,3 

created by plasma °\^„,^.de, and sulfur 

^i^ovide carbon monox^uc 
oxygen, carbon dioxide separately, 

dioxide. T.ese ""^""J^j; "//.^ eo.bination -it. a" 
i„ combination with "^^f; be created by 

inert gas. cationic P'^^^^^ 3»»onia, 

low pressure gas pl „i.trogen and hydrogen. These 

allylamine, or mixtures in combination with 

,ases may also be '^'^^^^^^ „ i„ert gas. See 
each other, or in combination wl ^„ 
.ISO , e.g., Peyman et al -^^^^^^^^^ „ethacrylate, o, 

addition, ^ """""^"^ „„,p„„ted into the polyr.eric 
,inyl sulfonate may be incorp 

layer formulation. ,3 acid or base can 
,5 HO. 4,163,112. Treatment vl-h 
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also prcducs an ionic ccl'/meric iaver. The surface 
cnarge densiry should be preferably grearer than 10%, 
e.g., 20%, 30% or 50%, although lower surface charge 
. densities nay be appropriate . for some applications. 
5 Polveiecrrolvtes can be linear, branched, or 

crosslinked col'^.ers or ccoolvoiers. Exanoles include 

« 

polyethy leneimine , polyionenes, polyaminoaiky 1 
methacrylate , polyvinyipyridine , poly lysine , polyacry lie 
acid, polymethacrylic acid, polysulfonic acid, polyvinyl 
c sulfate, polyacrylanido-2-methyl-l-propanesulf onic acid, 
and Dolvstvrene sulfonic acid. Preferred 

A 4 

polyelectrolytes include polyethyleneiuine and 
polyacrylainido-2-methyl-l-propanesulf onic acid. Ionic cr 
ionizable groups may be present in every repeat unit, cr 

5 only in some repeat unit£i. The molecular weight of 

Dolvelectrclvtes should be between 5,000 Daltcns and one 
million Daltons, with higher molecular weights, for 
example, between 75,000 and 200,000 Daltons being 
preferred,, to enhance the stability of the coating 

c through increased chain entanglement or numbers of 

anchors. As an example, a substrate' with an anionic 

polymeric layer can be dip-coated with a pclycaticnic 
solution, then dried in air or with a heat source. The 
oolyelectrolvte solution contains, in this case, one or 

5 -ore positively charged polyeiectrolytes , and preferably 
has a pH between 5 and 10. Preferably, the solution is 
at room temoerature, but it can also be at lower or 
higher temperatures, as easily determined by those 
skilled in the art. The soaking period is between a few 
30 seconds and a few hours, and is preferably 20-30 minutes. 
Other methods of application include spray, wash, vapor 
deposition, brush, roller, and other methods known in the 
art. In addition, a cationic polymeric layer may be 
obtained and similarly coated with solution containing a 
35 polyanion. 
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A su' cable for coating a variecy of 
This siethod is .su^caci ,.„v,o« 

,.»ri=s. and P»«-"""= or pcrcus =.y 

5 are snooch cr rough, £1*'^ 

" ""-t:.. drying, .h. su.s.ra.e nay .a dip-coated wi-.h 

„ additional polyelectrolyt. or other 

,ne or Bore a .^y contain 

solutions. An aaai. different charge sign. 

polVelectrolytes o. the - o -.fer 

"='^'---%^°^rorapP ications to produce a disordered 
desirable for some appl ^ ^^^^.^^ 

coating of some -J ^J^^^^.^, „ay Include non- 
disordered polyeleotrolyte 

:s discrete layers of "-^-^'^ densities; varying 

or alternating - -Z;;;-^,. varying 
or alternating surface cha g 

degrees of polyeleotrolyte 
coating may be -'"^^^ ^ number of dlp-coat 

,= ooncen.fation, ^"f-'^' l^ic^ness o£ a disordered 
s-.eps . TO the extent that , 

• _ ,-.n be measurea, the coatj.n'j 
coating can be m ^ ^0-500 Angstroms. The 

and 2500 Angstroms, prete. > ,_„i.,tes of the same or 
coating may contain other P° ,,arged or 

„ opposite Charge, other "-^-//.^J^^. J.^ditlves that 

• ^^■^^'^rblJtv o tLt are bloactive. These 

enhance biocompatlbil-^.' ue included m a 

c.her polyelectrolytes '"^ ^^'^'^ ^„,,,d before or 
polyeleotrolyte solution or may . 

,0 after a dip-coat in anot lyathyUnelmine, one 

pclyelectrolyte coating ^J^-;;/^ „,,ar additives 
„pre additional P°^V.l-trolyt 

can be present in eoual 'Y^Zs^L'^ be betveen 0.001% 

Polyelectrolyte 5%, such as 

and 10* ,«/v, . and preferably between 
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3%. Higher ccncenrrat ions T,ay be suitable, but: nay also 
result in non-unifom coatings and longer drying tiaes. 
Aqueous solutions of polyelectrolytes can have a pH 
between 4 to 10. Suitable, solvents include alcohols, 
5 e.g., straight chain or branched or aromatic alcohols, 
and polyols such as glycol and ethylene glycol, or 
acueous solutions thereof. Organic solvents such as 
chloroform and dimethylf crmanide may also be desirable 
for polymers such as polyethylene. One skilled in the 
0 art will easily be able to determine what solvent 

conditions are appropriate for a- particular polymeric 
laver. In one asoect of the invention, where the 

polymeric layer is a hydrogel polymer or copolymer, the 
solvent system can be chosen to cause the polymeric layer 
13 to absorb some of the solvent and swell. Swelling the 
polymeric layer allows one or more polyelectrolytes to 
penetrate or infiltrate the polymeric layer. As 
discussed above, such infiltration is believed to enhance 
Che durability or permanence of the hydrophilic coating. 
20 The durability of the hydrophilic coating can be 

determined by several methcds including measuring water 
contact angles (see Examples section) . Advancing and 
receding water contact angles of the disordered 
polyelectrolyte coating of the invention are measured by 
25 methods well known in the art, such as a computer-video 
processed goniometer. A sessile drop of deionized water 
is dispensed and its image is displayed on a computer 
monitor. The advancing or receding water contact angle 
of the water drop is then determined by computer 
3C software. An initial advancing water contact angle is 
the advancing water contact angle which is measured soon 
after the last intended polyelectrolyte or other solution 
is aoDlied and. dried. An advancing water contact angle 
of a substrate is Pleasured before a polyelectrolyte 
35 coating is applied, and before the ionizing treatment, 
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- =,nv An advancing water 
plasma discharge is measured 

contact angle of an ion.c P-^-^ ' . 

.,.er the ^^^'^'^^ '^'^^jf^J ' r.. coatings of the 
polyelectrolyte coat.ng ^ ^^^^^ ...^t 20-, and 

present invention cause water contact 

p.efera.ly 30» or - ^ ^ ^^^^^^ ......t angle o. 

angle, compared ^ith -ne 

rhe substrate. wnicitv determinations, rapid 

„ " rfl- t seconds, preferably 

absorption Is 9-"^"^ preSerably less, than 1 

,ess than 2 seconds, and -r P^ ^ 

second or a generally »=re than . .onth, 

second, storage P""^;^;;%\,„,3 or X year, or 

as 3 months, 6 „„„.ieaching, non- 

, longer. So.e of the •="'-'-"1;" xXIX test 

..oxic, and noncytotoxic according 

methods. . . tc is believed that 

Without further on,^ ^^^^^^^^^^^ 

^^7"Aue":e Presen; invention to its fullest 
- herein,' utilize uhe pr ^^nod- ments are, 

extent.. The following spec f ,,,^3^„tive, and 

.nerefore, to be ----^^^^^^^l^Ji;:^, disclosure in any 

^ r.€ rhe remainder oi 
not limitative of ^"^^ \ incorporated by 

wav. AH publications herein 



way 
reference . 



30 



w^rhvlene was rrea::ed ^n 
—-filled ^;;-j;r:orr pressure. .0 watts 
an 0, plasma for 3 ..^^.^ was subseo.uently 

power at ^^-^^^-J^^ ^„,„,,„„ of P= ^ethyleneimine 
placed into. a 3^ aqueous solution was placed 

(PEI) (PolyBin SHA, BASF "^J''^ ^.apped air from 

under vacuum for 5 minutes ^^J^ then soaKed in the 

.tne porous substrate. The ^^^.^^ 
PEI solution for 20 minutes and 
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air. The wettability of the coated sample was then 
deter:nined using contact angle measurements. The coated 
surface exhibited complete wettability while the 
untreated sample shewed a high water contact angle of 
£ 112*. Water drops were absorbed immediately into the 
coated polyethylene. 

EXAMPLE 2 

The stability of the hydrophilic coating of the* 
invention has been examined in aqueous and dry storage at 

0 both room temperature and 50° C, -After various storage 
times, the samples were removed from the storage 
environments, rinsed with water and vacuum* dried orior to 
wettability analysis. Table I shows the time it took for 
water drops to be completed absorbed by' the coated 

5 material. The tirie measurement mechanism was accurate to 
one-sixth of a second, thus a O-second entry represents 
less than one-sixth of a second. In a 6 month stability 
Study, the results indicated that a stable hydrophilic 
coating was obtained cn carbon-filled porous 

0 polyethylene. 
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TaDle : 




5-crace__Tune_ 
I Days ) 



* -u-ne fcr water droplet: bo 

* IT- « f- « : AnaorDed by cne coatea 
=°°?:!!!tL"?:rnoWeti-.v:ane .Second.) 



Orv Storage '-n 
Air 



'Wet Storaqe in 
Wacar 
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EXAMPLE 3 

Durability of rhe coating on the carbon filled 
polyethylene has also been examined using repeated 
ultrasonic washing in water. Coated samples were first 
iamersed in water under vacuum for 5 minutes, then 
ultrasonically rinsed in water for three 10 rain, cycles, 
and vacuum' dried prior to wettability analysis. Table i 
shows the durability of the coating in repeated 
ultrasonic washing in water. The results indicated that 
the coating developed in this invention was durable over 
100 repeated washing cycles. 



2 
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EXAMPLE ■; 

Porous pciyethylene sheets were treated with 0-> 
plasma for 20 minutes at 250 watts ap.d 60 mTorr. The 
treated polyethylene was subsequently placed into a 3% 
aqueous solution of polyethyleneimine (?EI) (Polymin SNA, 
3ASF Corp.) under vacuum for 5 minutes. The sample was 
then soaked in the PEI solution for 20 minutes and 
removed for drying in air. The wettability of the coated 
sample was then analyzed using contact angle 
measurements. The coated surface exhibited complete 
wettability while the untreated sample showed a high 
water contact angle of 109^. Complete and rapid 
absorption of the water droplet into the coated material 
was observed . 

EXAMPLE 5 

Durability of the material obtained in Example 4 
was tested. Table III lists the contact angle results 
for the treated polyethylene sheets. The results 
demonstrated that a tenaciously hydrophilic coating was 
obtained. 



Table III. Wettability of hydrophilic treated porous 

polyethylene 



Samole 


Dry Storage After Coating at Room Temp. | 




0 day 


7 days 

> 


14 davs 


30 days 


122 
days 


O2 plasma 

treated/PEI 

coated 




0» 


0' 


0« 


O*" 



EXAMPLE 6 

Hard contact lenses containing silicone polymers 
0 were, treated in a COj plasma for 15 minutes on each side 
at 50 mTorr, 30 watts at 13.56 MHz. A 1% PEI solution 
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, ■ '^.r^r-r^ee 3AS^ Corp.; was prepared in water and" 
adjusted to pH 7.0 by adding HCl. The samples were 
soaiced in a ?EI solution for 10 niinutes at rocn 

^1 ^i^^^A water to remove 

temperature and subsequently rinsed ''ate. 

excess PSI. 

* 

Tv,e samples obtained in Example 6 were further 
.insed Jith Phosphate buffered saline prior ^^^l^Zl 
ster^Uzation. The sterilization was performed at 121 
for ^0 min. The contact angles for treated lenses are 
Usted in Table IV. The reduced contact angles revealed 
;hat the coated lenses became hydrophilic. In add..xon. 
the hydrophilic coating remained stable even after 
autoclave sterilizat.on... The hydrophilic-treated cor. ac. 
lenses had an advancing water contact angle o. 51 r 4 
and a receding water contact angle of 380 ± 

FVAMPLE 8 

.yd.=,.l concac. lenses — ^'-^''^^^^j^'^jr., 
poller are hydrcphc.ic . T= i:.pr=ve surface -e..a.-— 

. such lenses were first treatea m CO^ P^as..a .o ^ 

w ^^^o 50 nTorr pressure, 100 wat^s 
minutes on each siae at ou niiui- 

..S. m^. ™e lenses were tnen P^-^^ ^ 
U aquecus solution of PEI (f<=ly»i='' ^''^^ 
corp.) and allowed to soa. for 20 -inutes at room 
temperature. Xfter soa.in,, tKe samples were r.nsed xn 

water 5 times and dried in air. 

cYAMPLE 9 

=,nale measurements were used to 
Water- contact angie raeaaui. ^ 

aetermine surf aoe .wettability of t»e "^'^"^^ 
30 lenses in Example S. Stability - -/^fj^f ^ ^Ivent 
coatings was evaluated under repeated wash.n, 
extraction and autoclavin, conditions. In 
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cycle, the sanples were rinsed ultrascnically in fresh 
water for 10 ainutes. Extraction of the treated samples 
was. carried out in methanol for 13 hours. Autoc.iaving 
conditions were 121-125 »C for. 30 niinutes. Table v lists 
the water contact angles for the treated contact lenses. 
The results shown in Table V iridicate that a significant 

* 

reductiion in water contact: angles vas observed on the 
treated lenses prepared according to the invention. 
Lenses treated with this invention, on the other hand, 
exhibited only a sniall decrease in wettability initially 
and resistant to long terni repeated washing. In 
addition, the coated lenses ren\ained hydrophilic after 
extraction in methanol and exposure to autoclave 
conditions. 



Table IV. Water contact angles for the coated 

hydrcgel lenses 



1 ■■ 

i 
I 

! 

j Sample / 


CO2/PEI Plasma 

Treated 


Q2 Plasma 
Treated 


Advancincr 


t 

Receding \ Advancing 1 Recedina 


Treated- 24®r 1 


17»± 1 


29 «r 1 


20°^ 1 


1 Treated/ 
Washed 5 
' cycles 


ei^'t 2 


1 

21<*± 1 1 96°± 1 

1 

i 


35*'± 1 


Treated/ 
Washed 15 
cycles 


67«± 3 


24°± 1 


1,15^± 1 


39 «± 1 


Treated/ 
Extracted 


50'»± 1 


32^± 1 


115^± 1 


i 

40'*-^ 1 


Treated/ 
Autoclaved 


30°± 4 


90+ I 


112*r 1 


3B^z 1 



EXAMPLE 10 

Non-woven.- polyester and polypropylene fabrics were 
treated in a COj plasma for 20 minutes at 50 m Torr, 100 
watts power at 13,56 MHZ. The fabrics were then soaked 
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a 3% solurion of ?EI {Pcly:nin, SNA, 3ASF Corp.) at • 
e^^oeracu-e for 20 minutes, then dried overnight. 

EXAMPLE 11 

The w.t^biUty c'f the s..ples oWained Example 10 
e«.in.d usin, water ==n.a=. an,le 
3.cw„ in Table IV. .f'-.r overnight drying, sa»p.e. 
..ere washed ultrasonically in water . " 
minutes each. The results indicated that fabr c 
surfaces treated with this invention were duraoly 
hvdrophilic. 



Table V, Wet 



^ability of treated non-woven fabrics 



r 



Samole 




polyester 



polypropylene 



Biodegradable polymer powders containing 
3 oaegra P ^,,yactic acid (PI^) (200^^) 

--iva'vcolic acid (rGA) ana jv--/ 

; -nnhi- "hen drv. Such polymer powders canno. 
are hydropnobi^ -hen dry polymer powders were 

with water. Fifty gram or the polymer p 

* --^-or- and treated with an acryli- 

niac»d in a rotating reactor and t.-at 

° . ,nn T.TQr- 50 watts for 30 minutes. A.te. 

acid plasma at 100 mTor. , ^^^^^ 

a pvT solution m IPA (0.3 g/'^ ' 
treatment, a P-x . ^^^^ ^^^^^^^ 

1-Ho freated powaers . Tne so^vc.i 

vaoora^"^on The coated PGA-PLA powders became 
vacuum evapora..on. . , ^^^^^^^ rather, than 

wettable. For example, ^/ater wa 

t.v,<= cM-'-ace of a sample of powder, 
beading on the sa-.ace 

. .ro. the ahcve de;cription, one s.m^d in the art 

can easily ascertain the essential characteristics 
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present invention, arid without departing form the spirit 
and scope thereof, can make various changes and 
modifications of the invention to adapt it to various 
usages and conditions. Thus, other embodiments are also 
within the claims. 



What is claimed is: 
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« 

1. A hydrophilic article for use in aqueous 

environments, comprising 

a porous substrate; 

^i.r^or^c ^aver on said substrate ; 
an ionic poly^er-^c ^ayeir 

a disordered polyelecrrolyre coat.n. 



ion 



ically bonded to said polymeric layer. 



2 The article of claim 1, wherein a drop of 
0 w.ter placed on said coating is absorbed in less than 1 
second after said article is sub^:ected to dry storage at 
25®C for 3 months . 
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3 . 



The hydrcpn-ic article of claia 2, wherein' 
saxd poliT^eric layer comprises a polyaer selected 
-rom the group consisting of (A) polyethylene 
polypropylene, polystyrene, polyester, polycarbonates 
: silicone polymers, polyuretaane, polyamides, Doivi:nides 
polyalkylacrylates, polyalkylmethacrylates, and * 
fluorocarbori polymers; (B) poly-2- 
hydroxylethylmethacrylate, polyhydroxylalkyl 
methacrylates, polyhydroxylalkyl acrylates, polvacrylic 
amides, polyrnethacrylic amides, polyvinyl alcohols 
polyethylene oxide, and polyvinyl pyrrolidone; (C) ' 
polylactic acid, polyglycolic acid, polyglycolide-co- 
lactides, polydioxanones, poly (glycolide-co-trimethylene 
carbonates) , polyethylene carbonates, 

polyiminocarbonatss. poly-/3 -hydroxy butyrates, oolyester- 
anides, polyorthoesters, polyanhydrides, and 
cyanoacrylates; and (D) copolymers of members of (A) (B) 
and (C) ; and 

said polyelectrolyte coating comprises a 
polyelectrolyte selected from the group consisting of 
poiyethylenaimine, polyaminoalkyi methacrylate, 
polyvinylpyridine, polylysine," polyacrylic acid, 
poll/Tnethacrylic acid, polysulfonic acid, polyvinyl 

sulfate, ?olyacrylamido-2-methyl-l-propanesulfonic acid, 
and polystyrene sulfonic acid. 

4. The article of claim 3, wherein said article 
is a retaining matrix. 



o. The article of claim 1, wherein a drop of 
water placed on said coating is absorbed in less than 1 
second after said article is subjected to aqueous storage 
at 50»c for 3 months and dried. 
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- r-iai-i 5, wherein 

e. The coaorises a polymer selected 

said P°^V--- .dyemlene, 
from the group consisting o. polycarbonates, 

polypropylene, ^^^^^^^^^ po.yl.ides, polyi^ides, 

silicone polvTners, ^ ^^,,>,acrylates, and 

polyal'Kylacrylates. polyaxKyx 

fluorocarbon polymers; (B) ^° ,,iKyl 
.ydroxylethyl:nethacrylate poly y polyacrylic 

.ethacrylates, ^^^^/^/^t Jvinyl alcohols, 

amides, poly^ethacrylic a.xdes , P J^^^^^.^^^^,^ 

polyethylene <-^^^ ^^^, ,,,,, polyglycolide-co- 
Polylactic acxd, polygly ,y^olide-co-trimethylene 
lactides. polydio.anones, P^^^^^J^ 

, polyiminocarbonates. ^'^'^l;'^,^,,, and _ 

,„i,es. polyorthoesters, P^^J^"^ ^,,^,,3 of (A), (3) 

cyanoacrylates; and (D) copolymers. 

and (C); and ^^^^.^te coating comprises a 

said polyelectrolyte consisting of 

- .'.c-i'-lYte selected from .he g.oup 
- ?oxye.ec--..yt ..lyaminoalJcyl methacrylate , 

polyethylenexmine, P°^^ oolvacrylic acid, 

Polyvinylpyridine. polylys-e ^^^^^ ^^^^^^^^^ 

polymethacrylic -^=^:/;'/.„/,,y,.,.p.opanesulf onic acid, 
sulfate, polyacrylamido-2 methy 
and polystyrene sulfonic acid. 

, • - wherein said articl 
ar-icle of clam «, whereii 
7 . The arcxcic « 

is a microcarrier. 

, f cla^n 1, wherein a drop of 
8. The article of ^^^^^^^J^^^^^ .^ss than 1 

water placed on said , „ith deionized 

30 second after 30 ultrasonic wash cy 



water . 
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9. The article of claim 1, vherein a drop of 
water placed on said coating is absorbed in less than 2 
seconds after 60 ultrasonic wash cycles with deionized 
water . - 

= 10. The article of claim a, wherein 

said' polymeric layer comprises a polymer selected 
from the group consisting of (A) polyethylene, 

■ 

polypropylene, polystyrene, polyester, polycarbonates, 
silicone polymers, polyurethane, polyamides,. polyimides, 

0 polyalkylacrylates, polyalkylmethacrylates, and 
fluorocarbon polymers; (B) poly-2- 
hydroxy lethylmethacry late , polyhydroxylalkyl 
methacrylates, polyhydroxylalkyl acrylates, polyacrylic 
amides, polymethacrylic amides, polyvinyl alcohols, 

5 polyethylene oxide, and polyvinyl pyrrolidone; (C) 

* 

polylactic acid, polyglycolic acid, polyglycolide-co- 
lactides, polydioxanones , poly (glycol ide-co-trimethylene 
carbonate^) , polyethylene carbonates, 

poly iminocarbonates , poly-^-hydroxybutyrates , polyester- 
0 amides, polyorthoasters , polyanhydrides , and 

cyanoacrylates; and (D) copolymers of members of (A), (3) 
and (C) ; and 

said pclyelectrolyte coating comprises a 
polyelectrolyte selected from* the group consisting of 
5 polyethyleneimine, polyaminoalky 1 methacrylate, 
'polyvinylpyridine, polylysine, polyacrylic acid, 
polymethacrylic acid, polysulfonic acid, polyvinyl 
sulfate, polyacrylanido-2 -methyl- 1-propanesulf on ic acid, 
and polystyrene sulfonic acid. ' 
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* 

,1. The -'^-^^-^ comprises a polymer selected 

said poI'/:.er.c layer c P ^^^^^^^^^^^^^ 

frc:n che group consistiing ' ^ ooiycarbonates . 

oolypropylene, P^^^^'-^^^^^/^ J polvamldes, polyinides. 

Je^hacylaces, P°^V.y-oxy al^yl -Y^ 
.„Ues, POly"e..acry .c a» ae=^^P ^V^^^^^^^^^,. 
polyethylene oxxde, ^ / polyqlyod Wa-oo- 

polylac-.ic acid, P°Wly"l^ ^.^^.,„.,,i„ethylene 
lac-.ides, polydioxanones , P^^^'' ^ 
, ..„.ona.es, . P°^ve»yiene - -^^^^^ 
5 polyiminocarbonatias, P ^^ides, and 

.„ida., P=^VO«noes-s PO a^^V^ ^^^^^^^ , 
cyanoacrylates; and (D) -oP 

and (C) ; and „„,„te coating coipcises a 

.aid P»^Vel---o^y« ^^^^^ „e 

- pclvalect.clyte selected ,«nac.yUte^ 
polye«yienexn>ine, P » polyacrylic acid, 

Polyvinylpyridina, P'^V^J-^ /^^^ ,,i,, polyvinyl 
Polymetnacrylic /°':„^,^yi.,.pr=panesuUeni= acid 

sulfate, polyacryl.amido-2 me.hy 



- 30 - 

wherein 



25 



30 



and polystyrene sulfonic acid. 

. ^ 1 ••hprein said 
,2 The article c£ clax- U, -nare 

ic layer is selected £r=. poly"""^- 

oolymeric layei: x ^oWstvrene, 

polypropylene, ^^^^'^^^^^ acid, and polyXaccic 
pol^/^etnylnethacrylate, P .^^^^^.^,3 
acid; and said polye.ec-oly 
polyethyleneimine... 

^^\A article 
* oiaW 1, Wherein said ar 

13 . The article 
is a reraining matrix. 
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14, The article of claim 1, wherein said article 
is a raicrocarrier . 

15. A hydrophilic article for use in aqueous 
environments , conpr ising 

5 a particulate substrate; 

an ionic polymeric layer on said substrate; 

and 

a disordered polyelectrolyte coating 
ionically bonded to said polymeric layer. 

0 16. The article of claim 15, wherein a drop of 

water placed on said coating is absorbed in less than 1 
second after said article is subjected to aqueous storage 
at 37 «C for 3 months. 

17. The article of claim 15, wherein the 

5 advancing water contact angle of said coating is less 
than 75** after 30 ultrasonic wash cycles. 

18. The article of claim 16, wherein said 
substrate is oorous. 



19. The article of claim 18, wherein said article 
c is a microcarr ier * 
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\^ ^-F r-iaim 19, wherein 
OQ The arricle cf claim i-- , ^ 

said =oly.er.= Uy.r ccpris.s . polyer ...ec«d 

ei 1 icons COxyTUeiria, ww^j 

' °" i;.^vla«s oolyallcylmethacrylates. and 

mechacrylates, y - .^niwinvl alcohols, 

i^^oi-hac-vlic amides, poiyvinyx 
anides, polymethac.yli udone; (C) 

polyethylene oxide, and P° ^^^^r^J'^^.y^.y^olide-co- 
polylacic acid, P^^^.lycoUc ^^^^^^ 
lacrides, polydicxanones, poly (glyconde 

worhvlene carbonates, 

carbonates) , polyethylene v,.,rv-«tes polyester- 

.. ooly^^tinocarbonates, poly-^-hydroxybutv .ates, p 
" -L polyorthoesters, poly anhydrides, and 

:::n:a;rriates; and (0) copolymers o. .embers o. .3) 

and (C) ; and c-"iDrises a 

said polyelectrolyte coating ^^^P'" ■ 
•'■,,,^0 ..eio-ted from the group cons-s..-ng o 
:o polyelectrolyte se.-ted ^ethacrylate. 
^- ,i=r,o<n^ne DolvaminoalKVi ::iew.ia j 
polyetny ene . ne - - po.yacrylic acid, 

polyv.nylpyr d.ne .0 p,,y,,nyl 

colyr.ethacrylic / _,_,.p,opanesulf onic acid, 

sulfate, polyacrylamido-2-riethyl 1 P H 

:5 and polystyrene sulfonic acid. 

• i„ c^ain 20, wherein said 
21 The article of c^ain 

r;rar:r :x-rpw Jc.-.., C.P.S.S 

30 polyethyleneimine. 

' • •, cla^-m 15, wherein said articl 
22. The article of cia.m i=, 

is a retaining matrix. 
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23. A hydrophilic biomedical article for use with 
aqueous environments, comprising 

a biomedical substrate; 

an ionic polymeric layer on said substrate; 

and 

a disordered polyelectrolyte coating 
ionically bonded to said polymeric layer; wherein the 
initial advancing water contact angle of said coating is 
less than 56**. 

24. An article of claim 22, wherein the advancing 
water contact angle of said coating is less than 60* 
after said article is autoclaved at 125'C for 15 minutes, 
and then allowed to cool to room temperature, 

25. An article of claim 23, wherein the advancing 
water contact angle of said coating is less than 60° 
after said article is autoclaved at 125'»C for 30 minutes, 
and then allowed to cool to room temperature. 
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Wherein 



,6. The biomedicai arcicie of clain 25. ^ 

H -o-vne-'C layer comprises a polymer seiecred 
said po-y:ae--<- -^i 

-«r-<=-sTi'ra of (A) polyethyj-ene, 
■ «w«:rvrene polyester, polycarbonates, 
polypropylene, polystyrene, p oolyiiaides, 
..'.core Dol'/r.ers, polyurethane , po.,am.des, y 
!v i..>-;-.ates oolyalkylmethacrylates, and 

Vluorocarbon poly:ners; (B) poly- 2- 

, ^K^r-^viate polyhydroxylalkyl 
.ydroxylethyl^ethacrylate P y y p,,y,crylic 

.etnacrylates, polyhydroxy lalKy ' .^cohols, 

amides polymethacrylic amides, polyvinyl 

amides p y«" oolyvinyl pyrrolidone; (O. 

polyethylene polyglycolide-co- 
polylactic acid, P"^^^'^"' .i^e-co-trimethylene 
lactides, polydioxanones, poly(glycoli 

V vpthvlene carbonates, 

carbonates), polvetnyi^n ,w,,^v-ates polyester- 

r^r^^ v-/3-hvdroxvbutyrai:e5 , h^-^/ 
polyiriinocarbonates, poxy P ny 

:r;rr;tr ™%ri7r:r:;.-"t. 

:5 and polystyrene sulfonic acid. 

• ^^r-.^ a-^'cle of claim 26, wherein 
27 The biomedical a-w^c^t; 

r^^iv-ie^ or copolymer of 
said polymeric ^^y" ^ ^.^^er of poly-2- 

. silicone or ^Jl,,,,^er of silicone and 

hydroxylethylmeth-acrylate, or cc. 

\. , hvd-oxvl-ethylmethacrylate; ana said 
30 poly-2-hyd.oxyi y „„i vetMyieneimine. 

pclyelectrolyte coating is polye.hy-en 

^- .1 article of claim 27, wherein 
on The biomedical artic-e ui. 

28. ine jj- •„^v,,i-,^c substrate. 

' =,.h«;-rate is an opnthalm-c su 
said biomedical subswrai^e 
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29. The biomedical arricle of claim 23, wherein 
said coaring has an advancing water contact .angle less 

rhan 70- after- five ultrasonic wash cycles with deionized 
water. 



30. The biomedical article of claim 23, wherein 
said coating has an advancing water contact angle less 
than 70'' after fifteen ultrasonic wash cycles with 
deionized water, 

31. The biomedical article of claim 30, wherein 
said polymeric layer comprises a polymer selected 

from the group consisting of (A) polyethylene, 
polypropylene, polystyrene, polyester, polycarbonates, 
silicone polymers, polyurethahe, polyamides, polyimides, 
polyalkylacrylates, polyalkylmethacrylates, and 
fluorocarbon polymers; (B) poly-2- 
hydroxy lethylmethacry late, polyhydroxylalkyl 
methacrylates, polyhydroxylalkyl acrylates, polyacrylic 
amides, polymethacrylic amides, polyvinyl alcohols, 
polyethylene oxide, .and polyvinyl pyrrolidone; (C) 
pclylactic acid, polyglycolic acid, polyglycolide-co- 
lactides, polydioxanones , poly {glycol ide-co-trimethylene 
carbonates) , polyethylene carbonates, 

pclyiminocarbonates , poly-;3-hydroxybutyrates, polyester- 
^amides, polyorthoesters , polyanhydrides, and 
cyanoacrylates; and (D) copolymers of members of (A), (3) 
and (C) ; and 

said polyelectrolyte coating comprises a 
polyelectrolyte selected from the group consisting of 
polyethyieneimine, polyaminoalkyl methacrylate, 
polyvinylpyridine, polylysine, polyacrylic acid, 
polymethacrylic acid, polysulfonic acid, polyvinyl 
sulfate, polyacrylamido-2-methyl-l"propanesulf onic acid, 
and polystyrene sulfonic acid. 
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• • ™.dica'- article of clainv 31, wherein • 
32. The Diomedica. ar iy„er of 

tave^ is a polymer or copoj.y 
said polymeric laye ^,^^-2- 

silicone or ^ f^^^ ..polymer of silicone -and 

^ r;:;ei;ctlyle coa;in. is polye..ylene...ne. 

.dica^ article of claim 31, wherein 

33. ---^--^^ ,^,,,,,.ic substrate, 
said biomedical substrate 

^ ;.rticle of claim 23 , wherein 

34. The biomedical article ^^^,.^,,^e is 

wa-er contact angle of saia s 
10 the advancing wa^er c 

•greater than 95°. 

■ ^ .rticie of claim 23. wherein 
35. The biomedical artxcXe is 

advancing water contact angle of said 
greater than 110». 
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36. The biomedical article of claim 34. wherein 
said polymeric layer comprises a polymer selected 
from the group consisting of (A) polyethylene, 
polypropylene, polystyrene, polyester, polycarbonates, 
s silicone polymers, polyurethane, polyamides, polyimides, 
polyalkylacrylates, polyalkylmethacrylates , and 
fluorocarbon polyTners; (B) poly-2- 
hydroxy lethy Imethacry late , polyhydroxylaiky 1 
niethacrylates, polyhydroxylalkyl acrylates, polyacrylic 
3 amides, polymethacrylic amides, polyvinyl alcohols, 
polyethylene oxide, and polyvinyl pyrrolidone; ■ (C) 
polylactic acid, polyglycolic acid, polyglycolide-co- 
lactides, polydioxanones , poly (glycolide-co-trimethylene 
carbonates) , polyethylene carbonates, 
5 polyiminocarbonates, poly-^-hydroxybutyrates , polyester- 
amides, polyorrhoesters, polyanhydrides , and 
cyanoacrylates ; and (D) copolymers of members of (A), (B) 
and (C) ; and 

said polyeiectroiyte coating comprises a 
polyelectroiyte selected from the group consisting of 
polyethyleneimine, polyaminoalkyl methacrylate, 
polyvinylpyridine, polylysine, polyacrylic acid, 
polymethacrylic acid, polysulfonic acid, polyvinyl 
sulfate, poiyacrylamido-2-methyl-l-propanesulfonic acid, 
and polystyrene sulfonic acid. 

37. The biomedical article of claim 36, wherein 
said biomedical substrate is an ophthalmic substrate. 
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